Synthesis of di-hydroxyl SP
Scheme S1. Synthesis of the di-hydroxyl SP A mixture of 2,3,3-trimethlylindolenine (compound 1, 9.62 g, 60.4 mmol) and 2-Iodoethanol (11.52 g, 67.0 mmol) was heated at 100℃ for 3.5h. A solid was obtained.
It was dissolved in a mixture of water and ethyl acetate and then basified with sodium carbonate to PH 8. The Fisher base obtained was extracted with ether three times, dried over anhydrous sodium sulfate. The product was purified by silica gel chromatography (EtOAc: Hex =1:20). Yield: 65%.
3-Chloromethyl-5-nitrosalicylaldehyde (compound 4, 5.742 g, 26.63 mmol) was dissolved in 30 mL of acetone and added to a 100 mL round bottom flask containing deionized water (10 ml) and a magnetic stir bar. The solution was heated to reflux with stirring for 20 min. Sodium hydroxide solution (4.45 ml of a 6 M solution) was added drop wise over a period of 10 minutes. The reaction mixture was stirred and refluxed for 3 h then cooled to room temperature. The resulting solution was filtered and chilled to precipitate the product. The material was recrystallized from water to obtain 3.913 g (yield: 60%) of light green crystals (compound 5).
3-Hydroxymethyl-5-nitrosalicylaldehyde (compound 5, 576 mg, 2.92 mmol) was dissolved in 10 mL of ethanol in a 50 ml round bottom flask. Water (10 ml) was added followed by addition of 3 (712 mg, 3.50 mmol). The reaction mixture was heated to reflux while stirring, and it was determined to be complete after a period of evaporator to remove ethanol. Water (10 ml) was added and the mixture was brought to a boil. The solution was filtered and this procedure then repeated. In order to confirm the effect of solvent, another polar solvent methanol, whose polarity is between THF and water, was added into the solution, and the SP-WPU mixed dispersion was also investigated by ultra-sonication experiment. The absorbance at λ max was plotted versus sonication time. THF/Methanol dispersion showed higher intensity than THF/water solution ( Figure S5 ). The intensity of absorbance at λ max increased as the polarity of the mixed solvent increased.
5. Ultra-sonication responsive properties of SP-WPU with different DMPA content. Synthesis of the SP-WPU with different DMPA content was the same as that described in the main text. Different content of DMPA was added after the prepolymer was synthesized. Details of the composition was listed in Table S1 .
Synthesis of SP-WPU with different DMPA content

Ultra-sonication responsive of samples
The transition degree from SP to MC decreased as the content of DMPA increased.
( Figure S6 ) It was attributed to the different structure of the polymer in the mixed solution. TEM ( Figure S7) showed that the micelle size decreased as the DMPA content increased. It was reported that the formation and swelling of the micelle could enhance the mechanical activation of the polymer. Therefore, mechanical activation of the SP-WPU decreased as the carboxyl group increased. was at room temperature, which was below the T g of the hard segments.
Tensile test and UV activation of Control sample
7.1 Synthesis of di-hydroxyl SP in the same side of spiro.
The synthesis of the control sample was followed by the literature 1 . Scheme 2 showed the synthetic procedure of the control spiropyran with two hydroxyl groups on the same side of spiro. Details of the analysis of 1 H NMR data was shown in Figure S9 .
Additionally, control sample of SP-WPU was the same route as that in the main text. UV lights exposed on the broken sample for 3 min and showed blue color.
